This study aims to establish a dose-response relationship in exposures to lead and cadmium.
INTRODUCTION

I. LEAD MATERIALS AND METHODS
About six hundred policemen in Kanagawa Prefecture, located south of Tokyo, who had been exposed to lead of about 0.5 to 1.0 ƒÊg/m3 on the twenty-four hour average in ambient air were selected as the group with the lowest exposure to lead. For statistical analyses, one hundred pairs were randomly selected for laboratory testing.
A second group was composed of 81 electric wire cable workers, including 26 white collar workers as controls from the same company. These lead cable workers had been exposed to lead levels of 12 ƒÊg/m3 average, or 7 ƒÊg/m3 mode value, 6 hours a day, 6 days a week, and monitored by personal samplers. A third group was composed of 43 rubber hose workers engaged in production work similar to that of the electric wire cable workers. The hose is formed inside a lead tube which is later removed. The environmental air of the work place of the rubber hose workers indicated a higher lead concentration of 33 ƒÊg/m3 on the average, 7 hours a day, 6 days a week. A fourth group was composed of 60 storage battery workers who had been exposed to lead of much higher concentrations, the maximum reaching up to a few milligrams per cubic meter in the air of the working environment. However, in those work places of heavy lead exposures, the workers wore respiratory masks. Therefore, the actual exposure of these workers to lead was difficult to estimate. The laboratory tests included lead in blood and urine, quantitative determinations of copropor phyrin' and delta-ALA in urine, as well as hematological determinations. Per sonal interviews were also conducted. Lead concentrations in urine of electric wire workers were not determined due to the existence of the possibility of con tamination during transportation.
The examination date for each group was different, but all the examinations were performed during the period 1970 to 1971. except for hemoglobin level. The blood lead concentration was 15 ƒÊg/100 g in the exposed workers, 17 ƒÊg/100 g in the controls, and 1.5 mg/I delta-ALA in both groups. In the third group of the rubber hose workers who had been exposed to lead levels of 33 gƒÊ/m3 during working hours, again, no correlation between delta ALA and blood lead was observed. This is shown in Figure 2 , in which one per son with exceptionally high delta-ALA concentration was seen. However, this person showed a low blood lead concentration of 15.5 N,/100 g, and the high delta ALA value was probably not due to lead absorption, but most likely to an under termined condition of porphyrin metabolism or technical error. Nevertheless, this group showed a higher mean blood lead concentration of 32 ƒÊg/100 g with a higher mean urinary lead concentration of 38 ƒÊ/l as well, compared to those value from the other three groups. The highest blood lead in this group was 50 gƒÊ/100 g, and one sample which showed 80 ƒÊg/100 g may have been contaminated. This result implies that if the blood lead level of a group of people who are exposed to lead does not exceed 50 ƒÊg/100 g, early biochemical changes due to lead absorp tion, for instance, the increase of delta-ALA excretion in urine, does not develop. In Figure 3 , the association between blood lead and urinary lead is shown. Al though the correlation was not very high as is usually seen in higher exposures, some association existed. Since a close association was not observed in the lower The above-mentioned observations on the associations between lead concentra tions in the air and blood lead levels are summarized in Figure 4 . Lead concentra tions in the air on the abscissa of Figure  4 were estimated from the concentra tions of both the working environment and of the ambient air. It can be seen in Figure 4 that the blood lead level remained constant up to a lead concentration in the air of about 3ƒÊg/m3. In the storage battery worker group, some health effects, including the de velopment of lead anemia, due to lead absorption were observed in some workers. Figure  5 shows the association between blood lead and delta-ALA in urine. Delta ALA in urine remained almost constant until blood lead rose up to a level of about 45 ƒÊg/100 g. In other words, although there was a significant association between blood lead and delta-ALA in urine, the regression does not necessarily show a straight linear association. From the scatter diagram in Figure  5 , it can be seen that the blood lead level at which delta-ALA in urine increases is located between 40 to 50 ƒÊg/100 g. A cadmium alloy factory where approximately 15 to 17 workers had been exposed to cadmium fumes has been under observation for health care supervised by the present authors and their associates for about ten years. After one of the authors presented a paper at a conference in Japan, the working environment of the factory has been greatly improved. Seventeen cadmium ;workers and 8 workers who had had a history of cadmium exposure in the past, or intermittent exposure, as well as 10 control workers, were subjected to the present study.
RESULTS
In
Cadmium in urine and blood as well as protein in urine were examined. Cadmium was calibrated by atomic absorption spectrometry after wet ashing and dithizone extraction. Protein in urine was quantitatively determined by the method re ported by Kuno and Kihara.6 The urine samples were collected over an 8-hour period, starting at 8:00 AM and ending at 4:00 PM. For blood cadmium analysis, a sample of 20 ml was drawn from each subject.
RESULTS
The correlation between the blood cadmium concentration and the urinary cadmium concentration is demonstrated in Figure  6 . The figure was expressed in logarithmic scale and showed a fairly good straight linear relationship between cadmium in urine and cadmium in blood. According to this relationship, 50 ƒÊg/l cadmium in urine corresponds with roughly 4 ƒÊg/100 g cadmium in blood. Figure   7 shows the correlation between protein in urine and cadmium in urine. Up to the present time, the relationship between the cadmium concentration in urine and the urinary protein level, and that between cadmium concentration in blood and urine have been uncertain. The present paper, however, demonstrates a close association among those components on a group basis. Tsuchiya reported elsewhere-5 that cadmium workers who had been exposed to cadmium excrete elevated cadmium in urine for many years even after the cessation of cadmium exposure, whereas blood cadmium decreases within a fairly short period of time (approximately one year) after the cessation. In this study some workers who had been removed from exposure for a period of over one year showed high cad mium concentrations in urine with low blood cadmium, as shown in Figure 6 . However, this was seen even in some workers who were presently exposed to cadmium. This kind of contradiction is frequently observed in biological phe nomena, particularly on an individual basis. Many samples are required in order to establish a general rule concerning associations among biologic responses to toxic substances, particularly at relatively low levels of exposure. Well designed and technically reliable epidemiologic studies as well as follow-up studies on newly exposed workers are required.
